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@ influenza vaccine and novel ad|uvants. 

@ An influenza immunizing dosage form comprising a 
liposome and an antigen of Influenza, particularly the hemagglu- 
tinin or bromelain fragment, wfierein said liposome and anUgen 
are '^"l^' t r^ Imm unization dose. Additionally, a dosa ge 
form, im^^fflBflUlllMUBUUIIIUIBBMBnm 

) comprfsing a salt form of an organic aOT 

"Ol and an anbgen wherein said organic acid 

denvattve of a sterol and antigen are present in an immunization 
dose, and method of use. Further, a dosage form, including 
such form particularly adapted to producing an immune 
response. comprising dimyristolyphosphatidylcholina 
(DMPC)/cholesteroi liposomes, optionally in an aluminum 
nydVoxida gel, and an antigen wherein said OMPC/cholesterol 
and antigen are present in an immunization dose, and method 
0/ Ljse. 
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Description 



INFLUENZA VACCINE AND NOVEL ADJUVANTS 



^ Field of the Invention 

This invention in the vaccine arts is concerned with an influenza immunizing dosage form comprising a 
liposome arid an antigen of Influenza, particularly the hemagglutinin or bromelain fragmem wherein said 
liposome and antigen are present in an immunization dose. Additionally, a dosage fomi. includtng such form 

W particularly adapted to producing an immune response, comprising a salt form of an organic acid denvative of 
a sterol and an antigen wherein said organic acid derivative of a sterol and antigen are present tn an 
immunization dose, and method of use. Further, a dosage form, including such form particularly adapted to 
producing an immune response, comprising dimyristolyphosphatidy[choiine (DMPC /cholesterol !^^^^^^^^^ 
optionally in an aluminum hydroxide gel. and an antigen wherein said DMPC/cholesterol and antigen are 

15 present in an immunization dose, and method of use. 
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Background of the Invention 

in the vaccine art antigens are introduced into an organism In a manner so as to stimulate an immune 
response in the host organism. The induction of an immune response depends on many factors a";|ongwhich 
are believed to include the chemical composition and configuration of the antigen, the immunogenic 
constitution of the challenged oraanism, and the manner and period of administration of the antigen «ViT 

eelismWar^pate in 

i^mm^eVes^^T^^^ withantigen. int^SSRfffth other cells of 

release of cytokines and jeacti\J^^ 



sSiscussed in -Uposomal Enhancernent of the Immunogenicity of AdenovirusType^ Hexon" 
laccines-. Kramp W.J. et at.. Infection and Immunity . 25:771-773 (1979) and Uposomes ^« Adjuvants with 
Inmunopurrfied Tetanus Toxoid: the immune Response-. Davis, 0. et al., Immunology Letters. 14.341-8 

Idelll^^IJi' antigen will exhibit two properties, the capacity to stimulate the formation of the corresponding 
antibodies and the propensity to react specifically with these antibodies. Immunogens ^^^J'^^ ^'J^^'^ 
epitopes which are the smallest part of an antigen recognizable by the combining site of an antibody or 

'TZtt°ul^Tnstances antigens or fractions of antigens or with particular presenting conditions the immune 
response precipitated by the desired antigen is inadequate or nonexistent and insufficientj^T^munity is 
produced. This is particul-r *he case with peptide or other small molecules used as ''""^""f ^ens. 
in such cases the vaccine ar recognizes the use of s.^stancos called adjuvants to potenuate an immune 
45 response when used in conjunction ^th an antigen. Adjuvants are further ^^f ^.^^^^ J.^Ses 
sooner, or a^greater^KSPonse, or with less antigen or to incre:ase P[oducU^^ 
that afford 



™known adjuvants are Freund's Adjuvants (and other oil emulsions), ^o^^f 
50 salts (and other metal salts), Mycobacterial products (including muramyl ^'Pf P*'f 1^°^^^^^^ 

herein the term "adjuvant' will be understood to mean a substance or matenal ^'^"^'"'^ ^red together or in 
conjunction with an^ antigen which increases the immune response to that ^^^^^^'"^^^^^^^^ 
number of fomis including emulsion (e.g.. Freund's adjuvant) gels (aluminum hydrox.de 9^,'* ^"%P^J^^^^ 
(liDosomes) or as a solid material. Uposomal vaccines and adjuvancy are '^^^^/^^'f^^"^.^^^^^ 
55 Application Ser. No. [Docket TLC-1721 to Popescu filed on date even herewith the teachings of which are 

incoroorated herein by reference. /^^ /-an-tpr 

,t is believed that adjuvant activity can be effected by a number of factors. Among such f^ctorsj^ (a) c^ier 
effect, (b) depot formation, (c) altered lymphocyte recirculation, (d) stimulation of T-tymphocytes. (e) direct 
stimulation of B-lymphocytes and (f) stimulation of macrophages. i„^,,,Ho nr:,n.iioma 

60 With many adjuvants adverse reactions are seen. In some instances adverse ^^^^^^^^ 
formation at the site of injection, severe inflammation at the site of '"l^cton. pyrogeniaty^ad|uvann 
arthritis or other autoimmune response, or oncogenic response. Such reactions have nampered the use of 
adjuvants such as Freund's adjuvant. 
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|Biaffl(MV*mboaiment»Jid|uwnW*rft<»mP^^^^ U 3 Pa.ent Mo^4.053^95 issued October 

izW^fb^' Vl ai: s;ates thanipoSbWs of a'girtlcular charge are adjyvams. Oav.s. □. et al. Liposomes 
as Adiuvants with Immunopurrfied Tetanus Toxoid: Influence of Liposoo-.al Characteristics Immunology, 
31 ■22^234 937) and; Gr,gor,ad,s, G. et al.. "Uposomes as Immunological Aciuva.n,s; Antigen Incorporation 
l-uc^-'s- V=cc,ne 5 US-lsl (1987) reporl DMPC/cholesterol liposomes (1:1) and anngen as giving mirirnany 
maledlS^free antigen) iLunologic^J response in small unilamellar ^".cles of a distinct 
i.hyaratiomrehydration type with tetanus toxoid as the antigen, a strong immunogen. In the Oav s and in he 
Gregor^ads papers, the liposomal immunogenic response was only minimally ngu'shable from he 
response of Tree antigen. To distinguish the liposomal from .free antigen response ,t was necessa^ or the 
Authors to dilute the tetanus toxoid to minimal response amoufits. The present invention adopts conditions of 
Oli^PC/chotesterol liposomes that yield a therapeutically effective immunological response. 
Other substances such as immunomoOulators (e.g., cytoidnes such as the interleukins) may be combined .n 

""HumorSune resp" nse may be measured by many well known methods. Single Radial Immunodifussion 
AssarsRlDT E^me immunoassay (ElA) and Hemagglutination Inhibition Assay (HAD are but a few of the 
commontv used assays Of humoral immune response. » ■ u 

SR™ uilllzes a layer of a gel such as agarose containing the immunogen being tested. A well ,s cut in ;he gel 
anfthe serum beL tested is placed in the well. Diffusion of the antibody out into the gel leads to the 
tomrtlon o7a predpitation ring whose area is proportional to the concentration of the antibody ,n the se~m 

"^"1 '^so known as EUSA (Enzyme Unked Immunoassay), is used to determine total antibodies in a sample. 
The ^^ticen istdrorbed to tf^e surface of a miorotiter plate. The test serum is exposed to me plate followed by 
e^ri nk^d Trlmunog 0^ such as IgQ. The enzyme activity adherent to the plate is quantified by any 
convernt meansrch al spectrophotometry and is proportional to the concentration of antibody directed 

'tArul%"^'eTapTb"t;Vf"a;,'^lr9t^rh'^^^ vlral proteins to agglutinate chicken red blood cells (or the 
lik^l l^e assardeS^l^ antibodies, i.e. those antibodies able to inhibit hemagglutination. D uf ons 

o^ me^esrser^m Le incute^^^ w^h a standard concentration of antigen, followed by the addition o the red 
bfood cell^ ?rpr"sJnce of neutralizing antibodies will inhibit the agglutination of the red blood cells by the 

^""ests to measure alergio and cellular immune response include determlnaUon of delayed-type 
hvoefsensHivity or measuring the proliferative response of lymphocytes to target antigen. 
Cosomrs ar^cXletely closed lipid bllayer membranes containing an entrapped aqueous volurne^ 
Liposomes may be uni^Lmellar vesicles (possessing a single bilayer membrane > an 
(onion-like structures characterized by multiple membrane bilayers. "Pf^''*'! .'!°7 * 
aaueous layer) The bilayer is composed of two lipid monolayers having a hydrophobic 'a" /e9ion and a 
hvdroohilic Viead^^^^^^ The structure of the membrane bilayer is such that the hydrophobic (nonpolar 
W Si me npfd mo "o^ers orient toward the center of the bilayer while the hydrophilic "head- onent 

'Te'^i^Tnrprs^me'p'reparaaon o, Bangham. et al. ( J. Mo.. Bio. .. 1965 12:238-252> '^'^^^J-^-^^^l 
Dhosohotoids iiian organic solvent which Is then evaporated to dryness leaving a Phospholipid film on the 
?eSn veie Next ild appropriate amount of aqueous phase Is added, the mixture ,s allowed to sweH. 
LnH thrrffumnatooMLs which consist of multiiamellar vesicles (MLVs) are dispersed by mechanical 
means TOs e»^^^^^^ basis for the development of the small sonicated unilamellar vesic es 

?es<l^Ld by PapTadlSpoulos et al. r Blochim. Biophvs. Acta . 1968, 135:624^). and large unilamellar 
vesicles. Small unilamellar vesicles have a diameter of about 100nm or 'ess. ^ 

Unilamellar vesicles may ta produced using an extrusion apparatus by a method descnbet n Cullis et 
'CT AppSton No. WO 87/0M38. published January 16, 1986, entitled "Extrusion Technique fo Producing 
Unilamei rvesicles- incorporated herein by reference. Vesicles made by this technique, called LUVETS, a e 
eSdlder P "s^^^^^^^^ or a number of times through a membrane filter. LUVETs will be understood to 

''rthrclasr:,r«;^X''l.7oso™s ^ those Characterized as having s"bs.an«^^, equ^ lamellar 
so^:jfdi:UuSon°This Class of lipo'somes is denominated as stable plunl^ellar -|.c^^ (SPLV^ as^efi^ed n 
1 1 Patent No 4 522 803 to Lenk, et al.. monophasic vesicles as descnbed in U.S. Patent no. ^-^o-y « 
FounLn et^ a^dToze^ ^d thawed multilamellar vesicles (FATMLV) wherein the vesicles are exposed^^ 
ie^t one reeze and thaw cycle; this procedure is described in B^ly et al.. PCT P^-^''^^^^^^^ 
January 15, 1987. entitled 'Multilamellar Uposomes Having mproved ^^^Pf ^Effic.enc,es ^U^^^ 
No 4721 612 to Janoff et al. describes steroidal liposomes for a variety of uses. The teachings of these 
' references as to preparation and use of liposomes are incorporated herein by reference. 
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Summary of the Invention 



In one aspect this invention includes an influenza immunizing dosage form ^^'^P"^^*"^^^^'^^^^^^^^ 
antigen of Influenza wherein said liposome and antigen are present .n an immunization dose. In a particular 
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embodiment the antigen comprises the hemagglutinin fragment or the bromelain f^^^nnjnt. In an add^^^^^ 
embodiment the liposome comprises a salt fomn of an organic acid denvat.ve of a l'^!^'''^;^^Jl^^^^^ 
#ttW^fWgeiArtntrappedir)the |iposom^^ a muttllamellar vesicle, and further preferably at leas 

" m cron 1^^^ useful liposome compr.ses atns (hydroxymethyi) am. nome thane sa,t 

^rm of an organic acid derivatives of a sterol. Another particularly useful l.posome compnses 
DMPC/choiesterol with particular reference to a mole ratio of from about 80 to about 20 DMPC to from about 
20 to abou^^^^^^^^ and more particular^ wherein s^d ratio is from about 40:60 to f^out and 

hjrther wherein said liposome is a multilamellar vesicle such as one of substantiaJly equal lamellar solute 

'^'^[lis'lnvenlfon^^^^^ a dosage form comprising a salt form of an organic acid derivative of a sterol and an 
antigen wherein said organic acid derivative of a sterol and an antigen are present in an irnmunization dose in 
Tne emboc^ment the dosage form is a liposome such as a multilamellar vesicle, particutarfy those mu tUameHa^ 
vesicles at least about 1 micron in diameter. In some embodiments the antigen .s entrapped^^^ ' ?! 'rs a 
m particular embodiments the dosage form includes the salt form of an organic acid native of a ste^^^^^^ a 
tris (hydroxymethyi) aminomethane. In other embodiments the salt form is a carboxylic acid denvatwe o a 
sterol (suclHs a^ aliphatic carboxylic acid, particularly those up to five .^^^^b<^" -.^//^^^^^^^ 
• dicarboxytic acid derivative of a sterol (such as an aliphatic dicarboxyi.c ^^'d. particularly those up to seven 
carbon aToms). an hydroxy acid derivative of a sterol (such as citric acid), an ammo ac.d denvatn/e of a ste o or 
a^^t fomi of a polyamino acid derivative of a sterol, or a salt form of a polycart^oxyl.c ac.d derrvafve of a sterol. 
In one embodiment of the dosage fomn the aliphatic dicarboxylic acid is succinate. 
In specific embodiments of the dosage form of this invention the imrriunogen 
comorisinq proteins, peptides, polysaccharides, nucleic acids, lipids, gtycolipids. lipoproteins. Kpopolysac- 
chS lynthe«rpeptld^ or bacterial fractions, viral fractions, protozal fractions, tissue fractions or cellular 
S?ns rpecifir^^^^^^ are influenza fractions such as hemagglutinin, parainfluenza 3 ( us.on and 
S^^^^^^^ malaria sporozolte fractions, hepatitis (A. B. and non-A/non-B) fractions, 

"meningococcus fractions. HIV fractions (alt strains), and melanoma fractions /« ^ 

The dosage fomi of the invention may further include an immunomodulator such as cytokine (e.g.. 
interferons, thrombocytic derived factors, monokines and lymphoklnes such as IL2). :„Hudinn a 

Another aspect of this invention is a method of potentiating an immune response in an ^n'mal including ^ 
30 humarcomprising the step of administering to such animal an immunization dose of a composition 
comprising ^ organic acid derivative of a sterol and an antigen. In one ^^^Jodimen he method for 
potentiating the immune response includes using a dose which is a liposome such a rnuU.^e ar v^s cle^ 
particularly those multilamellar vesicles at least about 1 micron in diameter. In some embodiments the antigen 

::T^^Te:::^^^^^^^ method of potentiating immune response uses a dose that ino.^^^^ 
fomi of an organic acid derivative of a sterol being a tris (hydroxymethyi) aminomethane. In other 
er^odiments the salt form is a carbox^lc acid der^ative of a sterol (^"^V' 'T.I'.f'i'L^Sh ^ 
particulariy those up to five carbon atoms), a salt form of a dicarboxytic acid derivatve of a sterol (such as 
So c^carboxylic acid, particulariy those up to seven carbon atoms), an hydroxy denva iv^^ 
(such as citric acid), an amino acid derivative of a sterol or a salt form of a polyam.no acd derrvative of a sterol, 
or a salt form of a polycarboxyilc acid derivative of a sterol. Hi^^rho^iic acid is 

in one embodiment of the method of potentiating an immune response the aliphatic dicarboxylic acid is 
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(n spedflc embodiments of the method of potent,at,ng a., imrn.ne respo". of '^^^'^^f^^^^^l 
selected from the group comprisir,g proteins, peptides. po^saocharKles, n"°e'= ^^'^^^ ^P^'' f^ns 
lipoproteins, iipopolysaccharides, synthetic pepttdes or bacterial fractions, viral fractions, protozal fractions. 

m^n'oTrol^r-immune response of the invention may further include using an 

rir~orthlSJerrnoomprisesamemodofpoten,ia«nganim™ 
including a human, comprising the use of an adjuvant wherein the adjuvant compnses a salt fomi of an organic 



"in p:;t^reloSs ,he method of potentiat^g immune response by use of an ^-Jl-fnt 
that includes the s=L. form of an organic acid derivative of a sterol being ^.^^^^tZ^'^^M^T^ 
or a sodium salt. In other embodiments the salt form is a carboxylic acid denvative °' * =«f:°' '^"Jf 
»c ^xyllc acid, particulariy those up to Ave carbon atoms), a salt form of ^^^^^^^^^^J^^^^^ 
of a sterol (sucJi as an aliphatic dic^boxyllc acid, particularly those up to 

acid'derivative of a sterol (such as citric acid), an amino acid derivaUve of a sterol or a salt orm of a polyamino 
acid derivative of a sterol, or a salt form of a polyoarjoxylio acid derivative °' .^^ ,3 
In one embodiment of the method of potentiating an immune response the aliphatic dicarboxylic acid is 



succinate. 



JS^derivativeof asterda^ such that administration of a booster dose OT 



4 



,EP 0 356 339 A1 



10 



15 



20 



25 



30 



'-P-^'-'- s..'orm of aa organ.c acid 

a =arbo-=<ylic acid derivative of a stero. >such a. an^^^^^^^^^ ^ ^ ^^.^ dicarboxylio acid, 

atoms), a s^t form of a *«'°°«]'';°^f^'^,,"',^'',7droxy ac d derivative of a sterol (such as citric acid), ar, 
catticularly those up ^^''Z^'^r ^ s^Uc^ o/^^t^^^^^ derivative of a sterol, or a salt form o a 
an^ino acid derivative of a stare or l^^y°'Z^'^nSP^ liposomes, or multilamellar liposomes, especially 
Doiycarboxylic acid derivative of a =«y°J- " nosomes that comprises phosphatidylcholine, 

those of about 1 micrch °r '^I'TJiM ."^^^^J^^ 

- l ili Tll'fjffi ^^^ *° animal «.e«t one' 

comprising the step ot ^"l^^^f ^""f comprising an.anttgen and an, 

,<n«%lBmaht of w tikfh H administering an Immunaation ^ ^^mpdses a liposome 

I^JS'SSriSelrrtlve o»,a sterorin 'Ti^' in the liposome as well as 

(i:?cluding multilamellar vesicles) and preferable t^^-^^^-^ ^composition further can comprise 

liposomes at least about 1 micron in d'ameter TfT^iJ^c acid derivative of a sterol, or a salt form of a 
a tris (hydroxymethy.) aminomethane salt form ^J^ ^^^'^^l^^a (optionally up to 5 carbon atoms), a 
carboxylic acid derivative of a sterol such ^^^^P^.'^^^^,";^^^^^ dlcafboxylio acid optionally up to 

s^t form of a dlcarboxylic acd laxative o a stero ^^P^ ^ j.erol. In particular 

:=rs r : r e-rrX a .rm of an hydroxy acid derivative o, a 

=%ur,^h1irrn«:"lnc,udes a dosage fo™ 

comprising DMPC/cholesterol in an '-r^^'f^^^J^P^lent the ,rosomTof the dosage form comprises a 
adiuvants such as aluminum hydroxide gelJn one en^b^^ P ,,o,es,erol, and particularty 

mole ratio of from about 80 ° ab°"t 2° 

re^u:.ir d^on (SP^V) and.or a. least 1 micron in diameter and 

^rruii^trerof^e^^^ 

peptides, polysaccharides, bactenal ^'^^^'^^"'^^'^^^^^^ a cytokine, 

lipopolysaccharides. ^"famtore the dosage fom^may™^^^^ ^^^^^^^ ^^p^^^ ^, ^.^ 

Additionally the dosage form may '=°<"P''^^ ^^^^^'Zr^^ including ahuman, comprising the step of 

includes a method of potentiating an ''^.'^""«;"P°"=;;",^pS comprising an antigen and a multilamellar 
administering to such animal an immumzatton dose of a c^^^^^^ Aluminum adjuvants such as 

liposome comprising D^PC/cholesteroK and opttonalW^^^ ihcm ^ ^^^^ ^^^^ ^, ^^^^ 80 , 

issuz'Jstt.Tszs'^"-.' rr.'r::. ^ . ™,« »» 

DMPC/cholesterol SPUV. ,„Hnon is selected from the group comprising proteins, 

,n particular embodiments of the metKid me ^n^.gen^«^^^^^^^^ ^^^^^^^ ,^,<, peptides or 

peptides, polysaccharides, bacterial fractions, ^'ral 'fa^no"^- P comprise an immunomodulator 

SpopolysacoHartdes. Furthermore in a^-P'oyng fa ^''co ' a'u^lbirpharmaceutl^ carrier. 

inclGdlAg a cytokine. Additionally mttLod orp^enTaSnran im^^^^^ 

Addmonalty included in this invention IS a memod of po^enn^^^^ comprises a liposome comprising 

a human comprising the use of adjuvant wherein 

DH/IPC/cholesterol. in one embodiment '"'^a' '"''"f^^ ^^^^^^^^ about 80 to about 20 OMPC to from 

,n one embodiment method the "P°=°™!i°3f * „ he raUo tsTom about 30:70 to about 70:30. In 

:°:c"^feroren^u:-^^^^^^^^^ 

diameter and partlculariy a/Of °MPCA^^^^^^^^^^^ j^eced from the group comprising proteins. 

In particular embodiments of the memod the airtlgen is « ^ ^ ^^^^^ p^p,yg5 cr 

•ceplides. polysaccharides, bacterial frao«ons ^raM™";*;^^^ an immunomodulator 

lipooolysaccharides. Furthennora in a^'P'W^g t^a ^em°^ ° 3^,|,able pharmaceutical carrier, 
including a cytokine. Additionally the d°aa Jom may coinprise a^u^tac p^ ^^^^ .^^^^^.^^ ^ 

^^^Z:.:::^ opti^nritl^ur^ntrsu?^ as^lummum hydroxide gel, such 
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that administration of a booster dose of adiuvant-obl.gato^ immunogen 

the '^tol' is of e,'ua. solute dlstrlbotion (e.g.,SPLV) and Including the liposome be,ng at least about 1 
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including a human, comprising the ='«P °' ^<'"™='^""9 ^^^^l^^^^ 

composition comprising an immunogen and a liposome ^"'IP^^'"^ P^PC'^*'"^^^^^^ . The 

hydroxide gel. The liposomes of the method include mut.lamellar liposomes such as SPLVs ana am 
human, comprising the step of administering to the animal ^[^f^?^^ J^^^J , , j 

cytokine and a suitable pharmaceutical carrier. 
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■n .dn -Lon ,t has now 06=1 discovered that i;] salt torus of organic ac'd lenvat.vGS of sterols are particularly 
;;r. ca" icJ ad uvants ,an. oar-iCarly ,n the lorn, of ,cosor.es and li,) '^.^J 
Doscrres (particularly multilame'lar liocsc.-nes) dre panicularly useful P*^*:'"=""''=^' f."^'"'',^"" 
ad^uva^'s a e advantageously '.sea .n alumrum hydroxide gels). Further creterred are □MPC/cholesterol 

iotrr^ultil unilar^ellar wherein the DMre/=holester=l ratio ,s 70:30 -r , -5 (trole). 

^ ' The^anous te^ms to oefine concepts in imnunology are ot.en loose,- de'ineo or ot.en«,se misused. 

■^or cTaritv in the discussion cf 'his invention the fcllowing dennitions will oe used^ 

■ - Antige^- Shalt mean a substance or na.erial that is recognized specifically by antibody and/or combines 

-Adiuv^r Shil Tiean a substance or material to potentiate an immune response when used in coniunctit^n 10 
with al a^iqen Adjuvants are funher used to elicit immune response sooner, or a greater response, or w,th 
ress ^ttgen immunogen-ooligatory adjuvant refers to an antigen which alone is not immuncgenic but 

''Cm" fg™ I? me"*a1!rb;^^^^ or materia (including antigens, that is able to induce ar, ^mmune 
response ^one or n cohjunction with an adju«.nt. Both natural and synthetic substances may be 
mmunogens An ir^munogen will generally be a protein, peptide, polysaccharide, nucleoprotein, lipcProtein 
cZhe^rpolVPep ide or hapten Hnked to a protein, peptide, polysaccharide, nucleoprotein. lipoprotein o 
yn he ic po j e de or other bacterial, viral or protozoa fractions. 1. will be >^"^«;=<°°t'^^\ '^3!" 
fncludes substances which do not generate an immune response (or generate a only therapeutically 
IneffectL Snrrespon^^^^ unless ^sociated v^th an adjuvant (e.g., small peptides, which will be reterred 

'°Z::^^::^^XZ''::T:,%^-. response o. the immune system of an animal to antigen or 
immunoaen immune response may include the production of antibodies. ' 

™nizatlon conditions- shall mean factors which affect an Immune response including amount and K.nd 
of immunTgeHr adjuvant delivered to a subject animal including a human, method of delivery, number of 
inoculations, intenral of inoculations, the type of subject animal and its condition. 

•Vaccina- shall mean a pharmaceutical fomnulation able to induce immunity. 

•^r^mTn^- shai, mean a state of resistance of an subject animal including a ' J^'^n'ot^^^ 

or sTstlJica It will be understood that intecting organism or substance ,s defined broadly and includes 
Tar^ites toxic substances, cancers and cells as well as bacteria and viruses. A Therapeu ically Effective 
IJ^m^nfeation course will p^duce the immune response such as that exhibited by production of specific 
antibodies and/or reactivity of immune cells to antigen. „„rinitate an immune 

•i^^nni^atinn Hosa" shall mean the amount of antigen or immunogen needed to precipitate an immune 
resoTse TOs^oum ^tfj^^^ he presence and effectiveness of various adjuvants. This amount will vary 
3eln]:':i^:drlunog7n or antigen or adjuvant but will ^--^^''^ "^^J-^;,^^ 
about SOOug per inoculation. The immunization dose is easily *f" „^^^^ 

sWUed iin the such as by conducting statistically valid host animal immunization and chaNenge studies. See, 
' LvJ^l Manu^ of Clinical Immunology . H.R. Rose and H. Friedman, Amencan Society for M,crob^k,gy^ 
WashSn 0^. (1980). In some instance s several immunization doses indudi-ig booster doses w,« be 
admSri. to provide immunity, which collectively will be termed -Therapeutic^ly Effective Immunization 



Priming" shall mean the stimulation of a primary (as opposed to a f '/Jf "'^^t o^amibo^ ?S me 

of an?iSes. BasiS^upon Lch response 1 , 2. 3 or more booster doses of immunogen, absent ad.uvant. will 
aenerate a theraoeutlcally effective immune response to the antigen. j ,_h 

' Tn jartcu i eml^iments of this invention the liposomes w.11 have a net charge or ^« C^^^^^d and 

partS negatively charged liposomes may display superior ^''I^^^V ^^^^^ 
A preferred class of lipids for forming liposomes are those of cholesterol hemisuccinate ( CHS )■ such as 
those «^ndiuM-CH8«^-) or tris(hydroxymethyl) aminomethane CCHS.™-) as the counter ion. which are 

'7^ZTTor^^^ derivat^e of a sterol may be used in the practice of the invention. Generaily ^y 
stero whteh can be modified by the attachment of an organic acid may be used ,n the f ^o^" °< ^'"^ 
nv^tion For ex^ple, such sterols include but are not limited to cholesterol, vitamin D. Pt^V^oste o,s 
Sdi^a but noSed to sitosterol, campesterol, stigmasterol, and the like), steroid hormones and the like. 
''"orgTn' ac dTlthc^ be used to derivatize the sterols include but are not 'i^*^/ 
dicarboxyllc acids, polycarboxylio acids, hydroxy acids, amino acids and polyam.no ac«Js. Because the salt 
■ forms ?n^rease tn; waTer solubility of organic acids, any organic acid may ^t'^f.'^l^'^^^^lZl^uSe 

rrc^rarrpp^^^rmoT^^^^^^^^^^^ 



fS 



20 



25 



30 



35 



40 



46 



5C 



7 



EP 0 356 339 A1 



/5 



20 



25 



30 



35 



40 



45 



50 



55 



60 



carbonyl group would be less suscepUble to hydrolysis and. i^ked to an 

techr,ique leaving a residue which consists of the °'^J\^\^''^^^^J^^^^^^ 

resulting liposomes may be filtered or s^ed such as by P^^* "9 ^^^S'.^*^'^'^^^ amounts of 

filter (Nucieopore, « in IhS liposomes may 

lipid. Immunogens which partition into the ''P°","!« f";"'""^^^^^ additional immuno stimulator. 

rhrr=^r.^Jn^rucra:ra::r^^^^^^^^^^^ comugatL with other 

"""ferred class of lipids for forming liposomes are those of dimyristoylphosphatidylcholine and 

cholesterol COMPC/oholesterol-). ,i„nsatnBS over a v^de range of proportions from about 

OMPC/cholesterol forms the required '""|Wamellar^posomes over a wid^ g v^^ ,e„ed is about 

aminomethane CCHSin.-) as the counter ion aluminum hydroxide, aluminum 

Aluminum compounds are adjuvants we^i known 'V.^„^*^j'^l'L«^elv a^r^^^m adjuvants. By 
phosphate, aluminum oxide or aluminum su^ate and will " J,, as in veterenanr 

example, aluminum hydroxide ^''^''Jl^^;^'^^^^^^ To prepare a vaccine 

T^P^I^^ol^riltlfa^^^^^^^ 

liposome may be used. The SPLV process generator such as ether or 

bottom flask to form a thin film. Tl^e lipid film is ^^'Pf^"'*:^^ mixture is then 

methylene chloride to which the aqueous solute (=<'">»'"'"9 joiverit. The resultant 

sonicL^d While being dried by a stre , of nm-ogen |-;j;^~«2^"a^^^°L^eXefaL funher describes 
liposome paste Is resuspended m aqueous buffer. 'J;f- Pfj'^^^^'f ' 

this process and is incorporated herein by reference. If "l^f ^^^"^ Pleasanton. CA). 
-^erjfi??^:^s=^^^^^ 

r:;ienC::rro=«-^^^^^^^^^^ 

"'suitable aqueous material for either sterol or OMPC/cholesterol liposomes is saline solu^on. phosphate 
butter or other well known aqueous P^armfT*'* LnlmmlLoanic amount of antigen or immunogen. This 

asra=^^x:rb7rs^^^^^^^ 

'''ThTadjuvanteffectofthoinstantinventionisseenfromtheresultsinTab^^ 

and Tables 4, S, and 6 as to DMPC/cholesterol liposomes »"''J^^'^J^=^i'° '^if,^'^^^^ B/Ann Arbor 

liposomes. Table 1A compares the antibody response 9-n« f«gs wrth 1 ^^^^ 

-^^^ - is administered 

With the steroidal adjuvant the bromelain fragment of HA (HAB) 

Table IB shows the antibody response .n gu.nea p.gs ''^.^^"'ff T"^^ exemplary of an 

in various formulations. HAB is generaJly non-immanogen.c when administered aJone ana .s e 
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adjuvant increases the immune response. generation of the immune response. HAB is seen to 

Table 2 demonstrates the ''^^'''^'''^'J^ZX^^ on secondary challenge, even with adjuvant 

generate a weak immune response that ,s 9^" '^^^^^^^^ adjuvant ot this invention, here in the 

of this invention. However, when H,sadmm.s^red,nassoa^^^^^ application of a second 

form of a CHS« liposome a '~, 

inoculation of HAB, here in solutK>n. It f '.""P""^' "''^^^^^^ permitted later booster doses to 

with an immunogenic dose of ^Xl^.T^Z^J.T^i^^^^^^^^ "ut were merely adjuvan.-obligatory 
be highly effective wherein such boos er doses *d no' ,he adjuvant of this invantion. permits booster 
immunogen in solution. The P7'7 °* '"^"^""^ ^^''"^".Tadiuvant when this immunogen would not 
administrations of »d|uvant-oDligatorv .mmunog^^^^^ ^ ^.^ embodiment o 

;X"Srsro"c:o^^^^^^^^^^^^ - - ^ -'-^ 

liposomes, for use with adjuvant-obligatory ''^;"""°9^;;*- entrapped in an adjuvant liposome 

Table 3 discloses that ^"P^''":^^"''^^^ ".^^^f^^^^^^^ This is particuiarly true when the 

^inxorr::^^^^^^^^^ 

liposomes. in auineaoias immunized with the bromelain fcagment Of Influenza 

Table 4 compares the antibody response .n guKiea P'g|™inu ^ immunogen because it is 

B/Ann Arbor hemagglutinin (HAB) ,n vanous form=. 'S an ad^van, o 9 ^ jy .^^^ ^^^^^^^ 
poorly immunogenic when ad-ninistered alone or w^^^^^^^^^ at various mole 

"mmunogenicity is greatly '"<=«"f ,to_^^^^^^^^ by EIA are increased up to 5000 fold and 

ratios and lipid concentrations^Total anti-HAigQ^es^^^^^^^ g ^^^,3 ^,en HAB ,s 

protective neutralizing a"«bodies detected by HAi are '""^ase P respectively. Increasing the l,p.d 

administered in OMPC/cholesterol f^l'%^I°J%^^»^Ti w^th 50:50 mole ratio formulations. 

responses which are up to 80 told '^'S'l^/^^J J^pc/cholesteroi SPLVs and aluminum hydroxide gei. As 
Table 6 demonstrates adjuvant effect o liposomes (200 mg starting lip.d 

seen in Table 6 (Experiment!) admimstrabon of HA^^^^ ^„ (neutralizing) 

concentration) generates a =<:°"9 fQ""^ j^.^/^P""^^ iipid concentration to 500 mg increases 

antibody titer 10 fold greater than HAB alone^ncr^s n^^^^^^ ^^^^ formulations are 

the adjuvant effect even more (500 fold and .Lfs are increased up to 3 times greater. The 

administered with aluminum hydroxide 9«'' evident in (Table 6, Experiment 11). 
combined adjuvant effect for "PO"^* ^f^^'^a^,^^^"^^'',:^^^ to 200 fold over free HAB (5ug 

r,r:rnrr:^^'=^^^ 

irnL^h^^e-Vrerp:^^^^^^^ 

Table 7 shows the results obtained wrth HA used or vacc .^^^^ ^ ^,^„„g .^luvant effect 

?eTsrer;;^°ruro,rger^^ 

%:^ir:^re%Todi^^.iS'^^^^^^^^ 

'Tai%^g:mnrs^:r^^^^^ 

^"ZSlr^r^u^^nts are used in forms and^^^^^^^^^^^^^^ 

preparations of aluminum hydrox.de get "'"^ with as much as 15 mg or 
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^rgrSSeTtrprorr^^ur^^^^^ sub,e^c. amm. including a human as 

easily and effectively as possible. resulting from the method of the present ivention can 
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,nrT.unoresponsive tissues is ^'^^^°"^^!:;"P'f f^^^^ _ ^^,t ,3 ^ell as adjuvant incorporBted into gel such as 
forms may also be administered via the oral route, l'''^^^'^^'^^;^^^^^ enough salts 

:^^sr;;^rerrr=^^^^ p-- - 

Tora^ri„^ror,o=n?i^n r ;rrt;%T^^^^^^^ 

-£r.°i:5^:^rwT.rr^;%TrouT^^^^^^^^^^^^ 

cases, however, ft may be neoessary to administer dosages oats.de these l.m.ts. 



EXAMPLE 1 



Preparation of Adjuvant Lipcsomes with Antigen 



SOrng of CHS„. (powdered, were placed into a 15n,l test ^beJOOu^^ 
r=.,^;^e=^^^^^^^ 

rrrnru.TnXrOrU^^- rr\=^^^^ was brought to 

35 4.0ml in buffer and sealed in an amber vial under nitrogen. 



EXAMPLE 2 



Preparation of Adjuvant Liposomes with Antigen 

SOOmg Of CHS. (powdered) were placed into ^^^^ I'tnl^SX voTexeTov^a 2 
45 (SOOug HA, 0.01M phosphate buffered saline .n 0.90/oNaCl} ^^^^"^^^/f/g^.^*^^^^^ aqueous buffer 

hour period at + -C. The resultant P^^^^^f^^n Jon HO OOOrp^^ -20 To or (Beckman. Palo 

solution being separated .a. - t me — under nitrogen. 

Alto. CA)). The final pellet was brought to 4.0ml in buter ar , seaiea 

^ EXAMPLE 3 
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Preparation of Adjuvant Uposomes with Antigen 
SOOmg Of CHS«. (powdered, were placed into ^^^^Id l^ine in 0 9^^^^^ 

re=anKrdarra;c^^^^^^ 
=^p^:[rrgt^tj:c!n^~d^^^^^^^^^^^^^ 



EXAMP'-E 4 
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Preparation of Adjuvant Liposomes with Antigen 

. i^to a test tube 2ml of bromelain fragment of HA in aqueous 

SOOmg Of ^HS- (powdersd. were^a^^^^^^ ,,,, , 2 ,,,, p,,,, , 

burter was added (1 ,100ug HAS 0 3"">'^a<^) i o.WoNaCI solution being separated 

fiJI^e'b^vS^^^^^^^ 

and sealed in an amber vial under nitrogen. 



EXAMPLE 5 



Preparation of Adjuvant Liposomes with Antigen 
tSOO.gorCHS.,po.d„ 



EXAMPLE 6 



Preparation of Adjuvant Liposomes with Antigen 

500.g o. CHS_ (pcdored, were p^ced into a 15., -Mu^- ^^^^ T^^^^TltZ':^ 
aqueous burter was added (673ug HAB 0.01 M phosphate buffered ^^^^^ 

intermittently vortexed over a2 hour penod at 22^ f + by^5 mfnut^o c^^^^^ dO.OOOrpm, J-20 

:otr^eTrperw7s°ru;^hr;^:Zr^^^^^^^ - a^berv. under nitrogen. 



EXAMPLE 7 



Adjuvancy Exhibited 



with a rubber stopper and crimp seal. -a„^j.bera Lab Animals, Landis Store, PA) were injected 

Five 460-5009 male Hartley guinea P'^^ j^Jf j^^f ^ 
intramascularty with 0.5 ml of the liposome s-J^Pen^J^" ° J^^^ ^^^er and approximately 4 ml of 

liood wa, collected in ^'^^'^^^'^'^^''^f^^jr^'J^'^^ZZ^^^ Immunoassay (EIA) and 

.-^g^-^i^r r ^r^ ^^^^^^^^ (HAO. The results arc s.own in 



Tables 1, 2 and 3 

EXAMPLE 8 



Preparation of Adjuvant Liposomes with Antigen 
,00mg 0. Cholesterol and 4Q0mg of DMPC were placed into a 500ml round bottom flas. and suspended in 
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3mt chloroform and dried to a film by rotoevaporation. 20ml of anhydrous ether was added to the flask followed 
by 1 5ml of HA in aqueous buffer was added (915ug HA. 0.01M phosphate buffered saline in 0.90/oNaCI) - 
■aqueous buffer'). The mixture was covered loosely with foil and sonicated in a 40^0 water bath while 
concurrently evaporating the ether with a gentle stream of nitrogen gas. The resultant lipid paste was 
thoroughly dried under nitrogen until no trace of ether was noted by smell. 10 ml of buffer was added to the 
f[ask and the liposome suspension was transferred to a 1 5ml test tube. The resultant liposomes were washed 3 
times in 10ml of aqueous buffer being separated each time by 10 minutes of centnfugation (lO.OOOrpm. J-2a 
rotor (Beckman, Palo Alto, CA)). The final pellet was brought to 6.0ml in buffer and sealed in an amber vial 
under nitrogen. 

EXAMPLE 9 



Preparation of Adjuvant Liposomes with Antigen 

lOOmg of cholesterol and 400mg of OMPC were placed into a SOOml round bottom flask and suspended in 
3ml chloroform and dried to a film by rotoevaporation, 20ml of anhydrous ether was added to the flask followed 

20 by 1 5mf of BHA in aqueous buffer was added (1 .OOOug HAB, 0.01M phosphate buffered saiine in O.QO/oNaCI). 
The mixture was covered loosely with foil and sonicated in a 40-0 water bath while concurrently evaporating 
the ether with a gentle stream of nitrogen gas. The resultant lipid paste was thoroughly dried under nitrogen 
until no trace of ether was noted by smell. 10 ml of aqueous buffer was added to the flask and the I'posome 
suspension was transferred to a 15ml test tube. The resultant liposomes were washed 3 times 'n 10ml of 

25 aqueous buffer solution being separated each time by 10 minutes of centrifugation (lO.OOOrpm. J-20 rotor 
(Beckman. Palo Alto. CA)). The final pellet was brought to 6.0mt in buffer and sealed in an amber vial under 
nitrogen. 

30 EXAMPLE 10 



Preparation of Adjuvant Liposomes with Antigen 



92mg of "^'^lesterol and lOSmg of DMPC were placed into a 100ml round bottom flask and suspended in 3ml 
chloroform and dried to a film by rotoevaporation. 10mi of anhydrous ether was added to the ^ fdlowed by 
2 0ml of HAB in aqueous buffer was added (l.lOOug HAB, 0.01 M phosphate buffered saline in 0.90/oNaCl). The 
mixture was covered loosely with foil and sonicated In a 40" C water bath while concun-ently evaporating the 
40 ether with a gentle stream of nitrogen gas. The resultant lipid paste was thoroughly dried under nitrogen until 
no trace of ether was noted by smell. 1 0 ml of buffer was added to the flask and the liposome suspension was 
transferred to a 15ml test tube. The resultant liposomes were washed 3 times in 10ml of aqueous buffer 
solution being separated each time by 10 minutes of centrifugation (lO.OOOrpm. J-20 rotor (Beckman, Palo 
Alto CA))- The final pellet was brought to 6.0ml in buffer ana sealed ifi oi. .nuber vial under nitrogen. 
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EXAMPLE 11 



Preparation of Adjuvant Uposomes with Antigen 



40mg cf cholesterol and ISOmg of OMPC were placed into a 100ml round bottom flask and ^^usPJ^nded in 3m^ 
chloroform and dried to a film by rotoevaporation. 10ml of anhydrous ether was added to the kj^°^'°;j^f 
2 0ml of HAB in aqueous buffer was added (l.lOOug HAB, 0.01 M phosphate buffered saline in 0.90/oNaCI). The 
mixture was covered loosely with foil and sonicated in a 40'C water bath while ^°"^^"-^"t'y/^^P°riT„^^^ 
ether with a gentle stream of nitrogen gas. The resultant lipid paste was thoroughly dned ^"'^^^P't'^^^,^" ^"J^ 
no trace of ether was noted by smell, 10 ml of buffer was added to the flask and the I'posome suspension was 
transferred to a 15ml test tube. The resultant liposomes were washed 3 times in 10ml of aqueous bi^er 
solution being separated each time by 10 minutes of centnfugation (lO.OOOrpm. J-20 rotor (Beckman. PaJo 
Alto CA)) The final pellet was brought to 6.0ml in buffer and sealed in an amber vial under nitrogen. 



Example 12 
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Preoaraticn of Gel Admixed with Liposomes 

Aluminum hydroxide gel, 2>o (Alhydrcc=.@: Connaugnt Laboratories, inc., Swiftwater PA) containing 5 
7.Z7^r.iuLur. was used ,n conjunCcn w,th 1.02ml .f the liposomes of l^^;;"^ ^^^^^^^ 
Examble 10 The liposomes were admixed with 0.67mt aluminum hydroxiae gel and o.31ml or salins. The f.nal 
iTuminum concentration was 0.7mg/ml and the HAB concentration was lOugyml. The mixture was sealed .n a 
glass viai with rubber stopper and crimp seal. 

EXAMPLE 13 



Adjuvancy 



Uposomes containing HAS were prepared as in Example 9. Entrapment vaJues were '^^'^""'"^''^V ^RID 
and the liposomes were diluted in saline to a concentration of 10 ug prote.n/ml and were sealed m a glass v«l 

"'^vrJ^'-'ioTma'^'uTnea pigs (Buc.berg Lab Animus. Landis Store. PA, w-e i-iected 
int^uslulariy iith 0.5 ml ot the liposome suspension or with 0.5 ml of the liposome «"«P«"'^" 
nTfree HAB in the fioht hind leg (5ug) . At 4 weeks post immunization, the guinea pigs were-lightly anesthetized 
with e^r a d'apprSe^ ml oi blood was drawn by cardiac puncture. TUe blood ^ 
Toom temperature overnight. The blood was centrituged, and the sertim was drawn off and sto ed at 4 C unt^ 
ested The day after bleeding, the guinea pigs were again Injected i.m. with 0.5 ml of free or llposorral HAB 
(5ug) this time Tme left hind leg. Blood was collected in the same manner up to one year after the initial 

To?rantl-HA loQ antibodies in the serum samples were determined by Enzyme immunoassay (EW) and 
nJ^^iZ antibodieTwere detem,ined by Hemagglutination Inhibition Assay (HAl). The results are shown in 
Tables 4, 5 and 6. 

Example 14 
Melanoma Procedures 

UDOSomes containing gangtioside GD3 (kindly provided by Dr. P Uvingston. Sloan Kettering Institute for 
C^cer RTsearch"^^^^^^^^^^^^ York) were prepared at 10:1 and 100:1 (w/w) ''P'^;° ^^'^f ^iG^^^^^ 

usTng 10mg lipid to 1 mg GO, and 150mg lipid to 1.5 mg GD3. Uposomes were prepared using e.ther CHSt^ or 

^'^Gofanti^^^^^^^^^^ buffered saline (PBS but v^thout Ca- or Mg**) at pH 7.2 was 

.nfr^nn^S fn either CHsl L liposomes or DMPC/cholesterol (70:30 mole percent) iip.d t.posomes. 
CH WGOrMm^ made by Method A (below) and DMPC/cholesterol/GD^ SPLV liposomes by 

M^c°e wlre!^^l'ed 4 times v«th the iiposomal antigen prepara.on and antibody level f ted^ Ar^iboc^^^ 
mel^oma GDs was produced. It was noted however that other melanoma vaccne preparations gelded higher 
antibody titers in mice than the instant preparation by the regimen descnbed herein. 

^Tn°mnC HS^ (Dowdered) and 1 mg GD3 (10:1 ratio) (wt/wt) in 50 ul PBS were placed in a test tube and 
hvd?ation oHoTdi ^^^^^^ temperature wrth intermrttent vortexing. The lipidic maten^ was 

™rndidt^^^^^^^ Ca- or Mg** and centhtuged at 13.000 rpm for 30 minutes, two times. The fina^ 

iposome p^let ^s e suspended in 2.5 ml PBS. The liposome preparation was se^ed .n an an.ber ^.al under 
nUrogrn until testing. An additional fomiulation at 100:1 llptd/antlgen ratio was prepared as above, us.ng 150 
mg CHSut* and 1.5 mg GD3 in 300 ul PBS. 

^^f^cholesterol and 8 mg DMPC in 0.5 ml chloroform were dried by rotoevapo^^^^^^ 
round-bottom flask, resolubilized in 2 ml anhydrous ether and mixed w,th 1.5 mg m 60 P^S. The 
esultinq mixture was sonicated at 40' C under a stream of Hz to fomn a l.p.d paste which was further dned 
undTN^Te d^ m^tell was resuspended inl0 m. PBS and centrifuged at 10 000 ^m ^^^^^"^"tf/^rAn 
times. T^e final 7posome pellet was brought to 2.28 ml and supplemented w>th Alhydrogel (0.7 mg Al/ml). An 
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addi«on^ tabulation at 100:1 lip.d/antigen ratio was prepared as above .sing 120 n,g DMPC. 30 mg 

Cholesterol, and 1.5 mg GD3 in 0.45 mt PBS. 



Example 15 



Additional Immune Response Studies 
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To determine further the role of .he dose of both HA (split -"'(S^"' J'?'^' ^^^^^^^^^^^ 
with liposome formuladons at 5 or 0.5 ug HA/-^> ^"'^P;/," 

Two CHS,« (ormiilations were prepared as descnbed ^''^'^P'^/ *° 9''''/ ° chL. D The 'H' and 
13 ^mg lipid (MLV, CHS^. H) or 1 .9 mg lipid as mul^tilametoe ves«=l«^^^^^ 

■ L- designations refer to high and low amoiint of l,p.d ,n Pf » .<lf/9^^„P;^ ?pid rtavs in vaooL efficacy.) 
arbitra-y but convenient in concepmalizing »"V ™le that the relat,v^^^^^ ^'^oU of 5.0 mg HA a^d 

:r9^^^xv,°sSr=a?=^^ 

"'in^d^n^rh Eurn^'e^hi^'iting a --eiy •lig^^ r^SLTr Tmg 

diluted 1 : 10 in PBS and the resulting '"'P«"='°""°"'^"„ "^^^^^^ 2,tibody by EIA 

DMPC/CHOL also inoculated in the same vial. Inoculation of guinea pegs ana u= 
or HAI were performed as described in Example 7 and Example 15. 
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Claims 



w 



15 



25 



30 



I An influenza immunizing dosage form compnsing a liposome, optionally a multilamellar vesicle and 
an immunogen of influenza wherein said liposome and tmmunogen are present in an immunization dose 
and optionally wherein the tmmunogen of Influenza comprises the hemagglutinin fragment or the 

bromelain fragment. ^ • *• 

2. The dosage form of Claim 1 wherein said liposome comprises a salt form of an organic acid denvative 
of a sterol and optionally wherein the immunogen is entrapped in the liposome. 

3 The dosage form of Claims 1 or 2 wherein said liposome is at least about 1 micron in diameter. 

4 The dosage form of any of the foregoing claims wherein said liposome comprises a tns 
(hydroxymethyl) aminomethane salt form of an organic acid derivative of a sterol or DMPC/ cholesterol. 

5 The dosage form of Claim 4 wherein said liposome comprises a DMPC/cholesterol in a mole ratio of 
from about 80 to about 20 OMPC to from about 20 to about 80 cholesterol and optionally from about 40:60 
to about 60 :40 and optionally wherein said liposome is an SPLV. 

6 A dosage form comprising a salt form of an organic acid derivative of a sterol optionally in a liposome 
and an immunogen wherein said organic acid derivative of a sterol and an immunogen are present m an 

20 immunization dose. ' , 

7. The dosage form of Claim 6 wherein the immunogen is entrapped in the liposome optionally a 
multilamellar vesicle and optionally at least about 1 micron in diameter 

8 The dosage form of Claims 6 or 7 wherein said sterol comprises a tris (hydroxymethyl) aminomethane 
salt form of an organic acid derivative of a sterol, or a carboxylic acid derivative of a sterol, a salt form of a 
dicarboxylic acid derivative of a sterol, or a salt form of a polycarboxylic acid denvative of a sterol, 
optionally in which the aliphatic carboxylic acid, optionally up to five carbon atoms or which the 
dicarboxylic acid comprises an aliphatic dicarboxylic acid, optionally up to seven carbon atoms such as 

9 The dosage form of Claims 6 or 7 comprising a salt ioxra of a dicarboxylic acid derivative of a sterol. 
10 The dosage form of Claims 6 or 7 wherein the immunogen is selected from the group comprising 

proteins, peptides, polysaccharides, nucleic acids, lipids, giycotipids, lipoproteins, lipopolysaccharides. 
synthetic peptides or bacterial, viral, protozal, tissue, or cellular fractions and optionally further 
comprising an immunomodutator such as a cytokine. ^ ^■ 

I I The method of manufacture of the composition of Claims 6 through 10 for the purpose of potentiating 
35 or priming an immune response in an animal by administering to such animal an immunization dose of said 

composition and optionally administing to said animal at least booster dose of ad)uvant-obhgatory 
immunogen absent adjuvant. -n,, cot \/ anH 

12. A dosage form comprising an Immunogen and a multilamellar liposome, optionally an SPLV and 
optionally at least about 1 micron in diameter, comprising dimyristotyphosphatidylcholme (DMPC)/cho- 
lestero! in an immunization dose and optionally further comprising aluminum adjuvant, optionally 
aluminum hydroxide gel. . ^ ♦Qn+«,K«,,t 

13. The dosage form of Claim 12 wherein said liposome comprises a mole ratio of from ^tJout 80 to about 
20 DMPC to from about 20 to about 80 cholesterol and optionally from about 70:30 to about 30:70 and 
optionally about 70:30. . . 

45 14 The dosage form of Claims 12 or 13 wherein the immunogen is selected from the group compnsing 

proteins, peptides, polysaccharides, bacterial fractions, viral fractions, protozal fractions, synthetic 
peptides or lipopolysaccharides. 

1 5 The dosage form of Claims 12 or 13 further comprising an immunomodulatof such as a cytokine. 

16 The dosage form of Claims 12 or 13 further comprising a suitable pharmaceuticai earner. 

50 17 The method of manufacturing of the composition of claims 12 through 16 for the purpose of 

potentiating or priming an immune response in an animal by administration J^^f ^"^f^^^' 
immunization dose of said composition and optionally administering to said animal at least booster dose 
of adjuvant-obligatory immunogen absent adjuvant. „„Ho;n,n nrntoin*; 

18 The method of Claim 17 wherein said immunogen is selected from the group comprising Proteins 
55 peptides polysaccharides, bacterial fractions, viral infections, protozal fractions, synthetic peptides or 

lipopolysaccharides and optionally comprising an immunomodulator such as a ^^^"^^-^ nno^ome such 

19 A dosage form comprising an immunogen and a liposome, optionally a mult ametlar "Posome. such 
as an SPLV and optionally at least about 1 micron in diameter comprising DMPC/cholesterol 70 30 
(mole) in an immunization dose and optionally comprising aluminum adjuvant such as aluminum 

60 ^^o'°Ttfe%^osage form of Claim 19 wherein the immunogen is selected from the group comprising 

proteins peptides, polysaccharides, bacterial fractions, viral fractions, protozal fractions, synthetic 
peptides or lipopolysaccharides and optionally an immunomodulator such as a cytokine and optionally a 
suitable pharmaceuticai carrier. 
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